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In t roduct ion  

Convent ional  c o a l  p r e p a r a t i o n  c o n s i s t s  of mechanical s i z e  reduct ion ,  which 
results i n  l i b e r a t i o n  of t h e  p y r i t i c  s u l f u r  and o t h e r  minera l  mat te r ,  followed 
by a s e p a r a t i o n  s t e p ,  t h e  c o s t  of which i s  dependent upon t h e  s i z e  c o n s i s t  of 
t h e  crushed c o a l .  In g e n e r a l ,  a s  t h e  c o a l  s i z e  c o n s i s t  decreases ,  t h e  amount 
of l i b e r a t i o n  of minera l  matter and t h e  c o s t  of s e p a r a t i o n  i n c r e a s e .  Phys ica l  
coa l  c l e a n i n g  processes  are n o t  a b l e  t o  l i b e r a t e  organic  s u l f u r  and, t h e r e f o r e ,  
t h e  organic  s u l f u r  c o n c e n t r a t i o n  p l a c e s  an upper l i m i t  on t h e  amount of s u l f u r  
t h a t  can be removed. 

Chemical comminution provides  a unique way of c rush ing  c o a l  f o r  mineral  
mat te r  l i b e r a t i o n .  I n s t e a d  of  mechanical s i z e  reduct ion ,  t h e  c o a l  i s  t r e a t e d  
wi th  a chemical ( u s u a l l y  ammonia gas  o r  a concent ra ted  aqueous ammonia s o l u t i o n ) ,  
r e s u l t i n g  i n  s e l e c t i v e  breakage which appears  t o  occur  a long  t h e  bedding planes 
and along t h e  minera l  matter (e .g .  p y r i t e )  and maceral  boundaries .  Washabi l i ty  
comparisons of mechanical ly  crushed and chemical ly  comminuted c o a l  samples have 
i n d i c a t e d  t h a t ,  a t  a given s i z e  c o n s i s t ,  more l i b e r a t i o n  of p y r i t i c  s u l f u r  and 
comparable l i b e r a t i o n  of ash  i s  p o s s i b l e  wi th  chemical comminution. Figures  1, 
2 ,  and 3 provide  a t y p i c a l  comparison of mechanical and chemical breakage and 
l i b e r a t i o n .  The r e c o v e r i e s  noted i n  F igures  2 and 3 only apply t o  +lo0 mesh 
product  and,  t h e r e f o r e ,  t h e  -100 mesh weight  should be cons idered  when calcu- 
l a t i n g  r e c o v e r i e s  based upon feed.  I n  terms of  decreas ing  s i z e  c o n s i s t  (Figure l ) ,  
t h e  fol lowing o r d e r  is  found: 1 1/2" top s i z e  ROM > chemical ly  f r a c t u r e d  > 
3 / 8 " t o p  s i z e  mechanical ly  crushed > 14 mesh top  s i z e  mechanical ly  crushed.  
The same order  i s  found f o r  t h e  a s h  vs .  recovery curves  i n  F igure  2.  
trast, t h e  t o t a l  s u l f u r  v s .  recovery curves  (Figure 3) demonstrate  t h a t  chemical 
f r a c t u r e  (only 4.53% i s  '100 mesh) l i b e r a t e s  cons iderably  more p y r i t i c  s u l € u r  
than  mechanical c r u s h i n g  even t o  -14 mesh (21.9% is  < l o 0  mesh). S i m i l a r  r e s u l t s  
have been found wi th  Redstone, P i t t s b u r g h ,  and Upper Freepor t  seam c o a l s  (1,2) 
and with some Iowa c o a l s  ( 3 ) .  

I n  con- 

The f a c t  t h a t  chemical  comminution can  l i b e r a t e  more of t h e  p y r i t i c  s u l f u r  
without  gr inding  t o  s m a l l  s i z e s  has  cons iderable  economic b e n e f i t s .  
a t  t h i s  s t a g e  i n  t h e  development, i t  i s  d i f f i c u l t  to  estimate t h e  exac t  c o s t s  
of  a c o a l  p r e p a r a t i o n  f lowsheet  using chemical comminution as t h e  s i z e  reduc- 
t i o n  method, some pre l iminary  e s t i m a t e s  have been developed. The t o t a l  c a p i t a l  
and opera t ing  c o s t s  f o r  t h e  chemical t rea tment  a lone using ammonia vapor ,  under 
condi t ions  shown t o  b e  t e c h n i c a l l y  f e a s i b l e  i n  the  l a b o r a t o r y ,  vary from $1.00 
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to $1.50 per ton of coal product. Using relatively inexpensive density separa- 
tion techniques, feasible because of the small amount of fines produced in the 
chemical fragmentation step, would bring the total cost for producing clean 
coal to between $2.50 - $3.00 per ton product. This is very competitive with 
other processes currently being considered for producing clean coal. It is 
envisaged that the chemically comminuted product after cleaning will contain 
BO-90% less pyritic sulfur and 50-60% less ash, and, in approximately 30-40% 
of the Northern Appalachian seam coals, will meet EPA new source emission 
standards. 

Because of the commercial significance of chemical comminution, the effect 
of different reaction conditions have been preliminarily studied to provide 
some insight into the mechanism of the phenomena. The available information 
is presented in the following sections and further information is being developed. 

Mineral Liberation 

Microscopic examination of chemically comminuted coal has been conducted 
by Greer ( 4 )  of Iowa State University using a scanning electron microscope. 
The results demonstrated that fragmentation due to chemical treatment was strongly 
controlled by maceral boundaries and other deposits within the material such 
as pyrite bands. 

The above result demonstrates the selective breakage that occurs with 
chemical comminution and explains why pyrite is liberated during chemical 
treatment without excessive size reduction. However, the difference between 
sulfur and ash liberation (Figure 2 and 3)  has not been determined. Further 
petrographic studies of this effect are anticipated. 

Effective Chemicals 

Although a number of chemicals have some comminution ability ( 5 ) ,  the chem- 
icals that appear to have the greatest effect are ammonia (gas and anhydrous 
and hydrous liquid) and methanol. These compounds fall in a class of chemicals 
containing a non-bonding pair of electrons (oxygen and nitrogen compounds) which 
has been shown t o  swell (6,7) and dissolve (7) coal at ambient temperatures. 
Although swelling studies have not heen conducted by us, it was determined that 
very little coal (<0.1%) was dissolved by either methanol or liquid anhydrous 
ammonia. 
coal by Bangham and Maggs (6) ,  may cause the fragmentation which occurs during 
chemical treatment. Other analogies between coal solvents and coal comminutants 
include: (1) a decrease in effect as the coal rank increases, and (2) a reduction 
in effect as the solvent is diluted with water. Other specific solvents mentioned 
as good coal solvents (7), such as 2-propylamine and pyridine, have been briefly 
examined. These chemicals do cause fragmentation but are not as effectively as 
ammonia. Since these chemicals are larger in molecular size, it is possible 
that molecular.size is an important parameter for chemical comminution, especially 
if penetration of the coal is a rate determining factor. 

The swelling effect, which has been observed with methanol 'treated 
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Effec t  of React ion Condit ions 

The f ragmenta t ion  caused by chemical t reatment  i s  a f f e c t e d  by such para- 
meters  as mois ture ,  p r e s s u r e ,  water  concent ra t ion  i n  t h e  chemical ,  s t a r t i n g  s i z e  
of the  c o a l ,  and precondi t ion ing  of t h e  c o a l  before  t rea tment .  These e f f e c t s ,  
us ing  I l l i n o i s  116 seam c o a l  as an example, are i l l u s t r a t e d  i n  F igures  4-7. 
I l l i n o i s  1/6 seam c o a l  is very s u s c e p t i b l e  t o  chemical  comminution and,  t h e r e f o r e ,  
t h e  r e s u l t s  with t h i s  c o a l  are not  n e c e s s a r i l y  r e p r e s e n t a t i v e  of o ther  c o a l s .  
F igure  4 demonstrates  t h e  importance of evacuat ing  t h e  r e a c t o r  b e f o r e  chemical 
t rea tment .  The c o n t r a s t  i n  t h e  e f f e c t  of evacuat ion between l i q u i d  and gaseous 
condi t ions  i s  q u i t e  apparent .  This e f f e c t  has  a l s o  been not iced  wi th  o t h e r  
c o a l s ,  a l though they have not  been a s  demonstrat ive.  For example, a l l  t h e  con- 
d i t i o n s  used i n  F i g u r e  4 would have no  e f f e c t  on a P i t t s b u r g h  seam c o a l  t h a t  
w a s  examined. 

Figure 5 i l l u s t r a t e s  t h e  e f f e c t  of p r e s s u r e  and water  conten t  and demon- 
s t r a t e s  t h a t  methanol is not  as e f f e c t i v e  a comminuting agent  as even a d i l u t e  
ammonia-water s o l u t i o n .  With gas  t rea tment ,  i t  appears  t h a t  a l i t t l e  moisture  
i n  the  c o a l  a i d s  f r a c t u r e .  A l so ,  when using gas ,  a change of p r e s s u r e  from 
90 p s i g  t o  120 p s i g  h a s  cons iderable  impact on t h e  amount of breakage.  Deter- 
minat ion of any t r e n d s  wi th  t h e  l i q u i d  systems i s  d i f f i c u l t  because t h e  p r e s s u r e  
was not  he ld  c o n s t a n t .  

A s  might be expec ted ,  t h e  i n i t i a l  s i z e  of t h e  c o a l  before  t rea tment  can 
e f f e c t  the  s i z e  of the t r e a t e d  product .  This  e f f e c t  is i l l u s t r a t e d  i n  F igure  6 .  

A s  noted previous ly  (Figure 4 ) ,  evacuat ion  before  t rea tment  appears  t o  have 
a cons iderable  e f f e c t ,  e s p e c i a l l y  wi th  gaseous t rea tment .  Evacuation a f t e r  
t reatment  a l s o  appears  t o  have an e f f e c t  (Figure 7 )  which may be  due t o  j u s t  
a d i f f e r e n c e  i n  r e a c t i o n  t i m e ,  s i n c e  r e a c t i o n  i n  t h e  evacuated sample should 
s t o p  r a p i d l y  whi le  t h e  unevacuated sample may cont inue  t o  r e a c t  even a f t e r  t h e  
pressure  i s  removed. 

Ef fec t  of Coal Type 

In g e n e r a l ,  t h e  chemical  f ragmentat ion of c o a l s  decreases  as t h e  c o a l  rank 
increases .  F igure  8 d e p i c t s  t h e  s i z e  c o n s i s t  of s i z e d  samples o f  Upper Freepor t  
(carbon 70.32%; a s h  18.16%) and I l l i n o i s  116 (carbon 70.01%; ash  12.52%) seam c o a l s  
which have been t r e a t e d  under comparable condi t ions .  I l l i n o i s  66 c o a l  is s l i g h t l y  
lower i n  rank  than Upper Freepor t  and cons iderably  more breakage occurs .  However, a. 
Pi t t sburgh  seam c o a l ,  which i s  lower i n  rank than the  Upper Freepor t ,  would n o t  
r e a c t  a t  a l l  i n  l i q u i d  anhydrous ammonia a t  atmospheric  p r e s s u r e  and, t h e r e f o r e ,  
t h e  c o r r e l a t i o n  does n o t  always hold. L igni te  and a n t h r a c i t e  samples have shown 
some s u s c e p t i b i l i t y  t o  chemical f r a c t u r e ,  bu t  no t  a s  much as bituminous c o a l s .  
This  s l i g h t  c o r r e l a t i o n  between rank and comminution may be f o r t u i t o u s  and due 
i n s t e a d  t o  d i f f e r e n c e s  i n  micro or  macro p o r o s i t y ,  maceral  c o n t e n t ,  c l e a t  system, 
swel l ing  a b i l i t y  (a), minera l  matter d i s t r i b u t i o n ,  or  perhaps o t h e r  f a c t o r s .  
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Chemical React ions 

Chemical r e a c t i o n s  between t h e  ammonia and c o a l  could have a n  adverse  
e f f e c t  on t h e  recovery of  t h e  ammonia and on t h e  amount of NO 
t h e  c o a l  is  combusted. Therefore ,  t h e  n i t r o g e n  conten t  of cog1 b e f o r e  and 
a f t e r  ammonia t reatment  was determined f o r  a v a r i e t y  of c o a l  seams. 
presented  i n  Table 1 vary  s l i g h t l y  f o r  d i f f e r e n t  c o a l s  and t h e  i n c r e a s e  i n  
n i t r o g e n  appears t o  be i n  c o r r e l a t i o n  wi th  a decrease  i n  rank. No i n c r e a s e  appears  
t o  t a k e  p lace  wi th  Upper Freepor t  seam c o a l ,  a s l i g h t  increase  (6%) wi th  
P i t t s b u r g h  seam c o a l ,  and approximately a 20% i n c r e a s e  wi th  I l l i n o i s  116 seam 
c o a l  when t h e  sample i s  a i r  d r ied .  However, some of t h e  n i t r o g e n  can be re- 
moved by hot water washing. I n  g e n e r a l ,  t h e  +8 mesh p a r t i c l e s  show a lower in-  
crease i n  n i t rogen  than t h e  o t h e r  s i z e s .  The n a t u r e  of  t h e  chemical r e a c t i o n  t h a t  
may be tak ing  p lace  i s  unknown, b u t  t h e r e  a r e  f u n c t i o n a l  groups (e .g .  e s t e r s )  i n  
c o a l  t h a t  could form n i t r o g e n  compounds. With I l l i n o i s  16 seam c o a l ,  the  l o s s  of 
ammonia would s t i l l  be smal l  (4.4 l b s  ammonia p e r  ton of t r e a t e d  c o a l  when a hot  
water wash is used) and i t  i s  unknown whether NO emissions would change. 

emi t ted  when 

The r e s u l t s  

From t h e  above r e s u l t s ,  i t  can be seen t h a t  considerably more informat ion  
i s  necessary before  t h e  mechanism of chemical comminution i s  understood.  S tudies  
d i r e c t e d  a t  a b e t t e r  understanding of t h e  phenomena and the  e f f e c t  i t  has  on 
t h e  chemically t r e a t e d  c o a l  are p r e s e n t l y  underway. 
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Figure 1. Size Consist of Illinois Number 6 Coal Samples (Franklin County,lL) 
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Figlire 4. Effect of Preevocuation on Chemical Comminution of Illinois 
No. 6 Coal 

Figure 5. Effect of Reaction Pressure and Water Content in the Coal or 
Comminuting Agent on Fragmentation of 314" x 114" Samples of 

Illinois No. 6 Coal 
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Figure  6 .  E i feLt  of S t a r t i n g  S i z e  on Chemical Comminution of  l l l i n o i s  
No. 6 Seam Coal 
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Figure  7 .  E f f e c t  of Evacuation A f t e r  Chemical Treatment of I l l i n o i s  
No. 6 Seam Coal 
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Figure 8. Size Consist of Illinois No. 6 and Upper Freeport Seam Coals 
( 3 / 4 "  x 1 / 4 "  starting material) After Chemical Treatment 
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